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LIST OF TERMS 
Abbreviations, Initialisms, and Acronyms 
DST  double-shell tank 
EPDM  ethylene-propylene-diene monomer 
ERUL  Estimated Remaining Useful Life 
FKM  Fluoro Rubber 
IXC  ion exchange column 
HDPE  high-density polyethylene 
LAW  low activity waste 
NaOH  sodium hydroxide 
PTFE  polytetrafluoroethylene 
TSCR  Tank Side Cesium Removal 
UHMWPE ultra-high molecular weight polyethylene 
WTP  Waste Treatment and Immobilization Plant 
 
Units 
°C  degrees Celsius 
cP  centipoise 
°F  degrees Fahrenheit 
gal  gallon 
M  molar 
pH  logarithm of the activity of dissolved hydrogen ions 
ppm  parts per million 
psi  pounds per square inch 
psi(d)  pounds per square inch, differential 
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1.0 PURPOSE 

The Tank Side Cesium Removal (TSCR) System consists of two primary waste processing 
operations, filtration and ion exchange, and uses limited reagents/chemicals and water. 
This evaluation identifies the materials of construction for each waste processing operation, 
the reagent/chemical system, and the water supply system for a 5-year system design life 
as specified by RPP-SPEC-61910, Specification for the Tank-Side Cesium Removal 
Demonstration Project (Project TD101), and the applicable requirements of the State of 
Washington Administrative Code 173-303-640(3), “Tank Systems – Design and 
Installation of New Tank Systems or Components”. 

This report evaluates both corrosion and erosion, although corrosion was the main concern 
as the solids content of most systems is relatively low. Cathodic and/or induced corrosion 
is not considered. 

The TSCR primary function is to remove entrained and suspended solids and radioactive 
cesium (primarily 137Cs) from the double-shell tank (DST) System supernatant waste. The 
treated waste is stored in a designated DST (AP-106) for future transfer to the Waste 
Treatment and Immobilization Plant (WTP). The solids removed from the supernatant will 
be returned to a designated DST (AP-108). A block flow diagram of the TSCR is provided 
in Figure 1. 

 

Figure 1. TSCR Block Flow Diagram 
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In order to evaluate materials for TSCR components, chemical constituents in the 
supernatant waste transfer and components of the support systems (e.g., reagent and water) 
were reviewed. The chemicals that could influence corrosion parameters in the waste feed 
include chlorides, fluorides, nitrates, nitrites, hydroxide, and sulfate. Similarly, the 
chemicals (and impurities) associated with the support systems that could influence 
corrosion parameters include chlorides, fluorides, nitrates, hydroxide, and sulfate. Other 
considerations for corrosion that were evaluated include: 

 Temperature 

 Flow rate 

 pH 

 5-year system life 

Proper selection of materials of construction and corrosion/erosion allowances are 
important for safety functions as required per RPP-SPEC-61910. 

 For the Primary Process Piping and Pressurized Equipment, the safety function is 
to provide confinement of waste. 

 For the Reagent System Confinement Boundary, the safety function is to provide 
confinement of corrosive chemicals. 

2.0 SCOPE 

The evaluation confirms that materials of construction used for the primary processes of 
filtration and cesium removal from tank waste supernatant are appropriate for their 
application in accordance with the requirements of the TSCR specification and supporting 
material compatibility documents, including: 

 RPP-SPEC-61910, Section 3.3 – Design and Construction Requirements; 

 TFC-ENG-STD-22, Section 3.5.2.1 – Corrosion Allowance; and 

 TFC-ENG-STD-34, Section 3.2 – Materials Selection. 

The evaluation focuses on the general material requirements from RPP-SPEC-61910, 
which are listed in Table 1, and considers chemical corrosion and erosion only. Other 
material requirements associated with cathodic/induced corrosion, welding, cleanliness, 
packaging, storage, transport and load handling are outside of the scope of this document. 
Specific material characteristics (e.g., yield, tensile, etc.) are addressed in applicable 
calculations and are also not addressed in this evaluation. 
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Table 1. General Material Requirements from RPP-SPEC-61910 

Section Requirement 
3.3.5 a) Equipment, components, and assemblies that may come into contact with waste 

or waste treatment materials shall be compatible with their physical, chemical, 
and radioactive properties including those in Table 3-7 above. 

3.3.5 b) Materials used shall be noncombustible and corrosion resistant in the 
environment in which they will be used, including chemical, galvanic, or other 
reactions that can occur between materials. 

3.3.5 c) Equipment providing a confinement function shall be fabricated of materials 
compatible with the material to be stored to minimize corrosion and generation 
of hydrogen. 

3.3.5 e) TFC-ENG-STD-34 shall be used for selection of non-metallic materials. 

3.3.5 f) Metallic surfaces, which will routinely contact tank waste, shall be fabricated 
from stainless steel. 

3.3.5 g) Corrosion-erosion allowance used for design shall comply with TFC-ENG-
STD-22, Section 3.5.2.1. 

3.3.5 h) Components, including elastomeric seals, shall be selected to withstand a 
lifetime total integrated radiation dose consistent with dose and shielding 
calculations. 

3.3.5.9.8 j) Jumpers and piping systems used for liquid waste shall be of welded 
construction to the fullest extent practical.  Materials of construction shall be 
selected to minimize all forms of corrosion. 

3.3.5.11 b) Bronze, copper, lead, zinc, tin, antimony, cadmium, or other low-melting point 
metals, their alloys, or materials containing such metals as their basic 
constituents or molybdenum and halogens, shall not be used in direct contact 
with stainless steel, with the exception of oil impregnated bronze bearings.  
This prohibition applies to use of tools, fixtures, and paints.  This requirement 
does not apply to encapsulated lead shielding. 

3.3.8 d) 6) Materials contacting austenitic stainless steel and nickel-alloy surfaces shall not 
be compounded from, or treated with chemical compounds containing elements 
in such quantities that harmful concentrations are leachable, or that they could 
be released by breakdown under expected environmental conditions and could 
contribute to inter-granular cracking or stress corrosion cracking, such as those 
containing fluorides, chlorides, sulfur, lead, zinc, copper, and mercury. 
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4.0 METHODOLOGY 

The evaluation focused on the compatibility of TSCR metallic materials and non-metallic 
materials in contact with tank waste under normal waste processing conditions. Radiation 
resistance, chemical resistance, temperature constraints, and application constraints are 
considered in this evaluation. Other components that would be in possible leak paths (i.e., 
sumps and mis-route prevention cabinets) are also considered. Finally, materials not 
exposed to tank waste were evaluated for chemical compatibility and/or radiation 
resistance as applicable. 

4.1 NORMAL WASTE PROCESSING CONSIDERATIONS 

This evaluation takes advantage of previous reports addressing materials of construction, 
corrosion and erosion at the Hanford Tank Farm and at WTP. Considerable research and 
evaluations have been performed on materials of construction selection for storing, 
transporting and treating essentially the same waste as will be treated in the TSCR System. 
These reports were augmented with other literature sources. 

General (uniform) corrosion, localized corrosion including pitting corrosion, crevice 
corrosion and stress corrosion cracking, and erosion were considered. The most important 
consideration for selection of materials for the waste processing streams was to ensure that 
the materials will not be susceptible to excessive localized corrosion, as this could lead to 
premature failure of equipment or piping. 

Considering the 5-year design life of the TSCR System, the hazardous nature of the 
materials handled, and the limited accessibility of the main process, the primary approach 
for this evaluation is one of conservatism. This conservative approach applies both to the 
selection of materials and to the corrosion/erosion allowances. 

4.2 SPENT COLUMN PAD STORAGE 

Ion exchange columns removed from service after processing waste supernatant are to be 
stored on a designated storage pad. AVANTech previously assessed the likelihood of 
corrosion in the ion exchange columns (IXCs) under storage conditions (i.e., residual water 
in a bulk dewatered column for a period of 50 years) [Reference 15]. The assessment is 
included as Appendix A. 
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5.0 SYSTEM CONDITIONS 

5.1 TSCR SYSTEM 

RPP-RPT-61030, “Process Operations Description”, [Reference 7] provides an overall 
description of the TSCR System, including the sequence of activities for each condition 
assessed in this evaluation. In summary, the TSCR System filters entrained solids and 
separates cesium, both non-radioactive and radioactive isotopes, from 241-AP-107 
supernatant waste using a simple once-through design with key elements of: 

 Filtration to protect the ion exchange media from solids accumulation; 

 Ion exchange to remove cesium from the liquid waste; 

 Media trap to capture ion exchange media in the unlikely event of an IXC screen 
failure; 

 Delay tank to allow decay of short-lived isotopes; 

 Gamma detectors to verify effluent meets treated waste effluent requirements; and 

 Backpressure to increase hydrogen solubility. 

5.2 PROCESSING CONDITIONS 

TSCR treats waste from 241-AP-107 at a nominal flow rate of 5 gpm. A normal cesium 
loading cycle begins with one filter and two IXCs in a lead-lag configuration. After exiting 
the last IXC, cesium-depleted supernatant passes through the Media Trap and Delay Tank 
before continuing through the back-pressure control valve to the Treated Waste Effluent 
Tank, 241-AP-106. 

The system continues to run until the differential pressure across the filter increases 1.8 
psi(d) or 24 hours of runtime have passed, whichever occurs first. At this time, valves open 
for service to the second filter. Both filters are in service simultaneously for a moment until 
the position indicators for the second filter confirm the open positions. At this point, the 
valves around the first filter close to remove it from service and ready it for backwash. 

The system continues to run until the second filter differential pressure increases 1.8 psi(d) 
or another 24 hours have passed, whichever comes first. The same steps are repeated to 
bring the first filter, which has been backwashed, online. This cycling continues throughout 
the cesium loading cycle. 
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When the treated effluent threshold limit on the gamma detectors is activated, the inlet and 
outlet valves on the third IXC open. Now the ion exchange columns are running Lead-Lag-
Polish. TSCR will continue to run, switching between the filters as described above, until 
the gamma detectors reach the treated waste setpoint criteria. At this point the lead and lag 
IXCs are deemed exhausted / loaded and the system will shut down so IXC changeout can 
occur. 

Under normal processing conditions, the TSCR System experiences the following 
conditions: 

1. Filled with waste supernatant (pH ≥ 13), 

2. Filled with dilute sodium hydroxide (pH of 13),  

3. Rinsed with softened water (pH of ~9 when accounting for residual sodium 
hydroxide), and  

4. Bulk dewatered (i.e., service air is used to push fluid from piping and vessels). 

All processing occurs at temperatures less than 35°C. 

In addition to the above, the IXCs are dried with air after bulk dewatering to prepare for 
IXC changeout. Material selection for the IXCs during a 50-year outdoor storage period is 
addressed in Appendix A. 

5.3 FLUIDS AND SERVICE AIR 

The TSCR System handles four primary fluids and compressed air (i.e., service and 
instrument air) during operation. The primary fluids are: 1) waste, 2) reagent water, 3) 
sodium hydroxide, both concentrated and diluted solutions, and 4) softened water. As 
presented below, the tank waste supernatant contains concentrations of halogen ions 
(chloride and fluoride) that far exceed the concentrations in the reagent/chemical system. 
As such, waste feed is the predominant fluid considered during materials selection. 

5.3.1 Waste Feed 

The TSCR System receives waste feed from the DST System. Physical characteristics of 
the waste feed germane to the materials of construction evaluation are presented in Table 
2. The normal operating temperature for all piping and equipment in waste service during 
normal operations is between 20 and 35°C. 
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Table 2. Select Physical Characteristics of Waste Feed 

Parameter Unit Nominal Value Range 
Density g/mL 1.27 1.0 – 1.35 
Viscosity cP 3.7 1 – 8 
Solids Concentration ppm 200 0 – 15,000 
Waste Temperature °C 25 20 – 35 

Source: Reference 8, Table 3-4. 

Likewise, Table 3 lists average concentrations of key chemical components present in the 
waste feed. The pH of the waste is ~14 based on the hydroxide [OH-] concentration. 

Table 3. Select Chemical Components of Waste Feed 

Component Unit Liquid Phase Solid Phase 
Cl- gmole/L 7.94E-02 2.56E-05 
F- gmole/L 5.29E-02 2.95E-04 
NO2- gmole/L 1.12E+00 3.41E-04 
NO3- gmole/L 1.64E+00 4.67E-04 
OH- gmole/L 1.35E+00 4.23E-04 
SO4-2 gmole/L 4.63E-02 5.62E-05 
Source: Reference 8, Table 3-3. 

5.3.2 Reagent Water 

The Hanford Site supplies water for use in the TSCR reagent water system. Table 4 lists 
the composition of key anions of the as-received water from a 2016 analysis. The supplied 
water is stored in an insulated tank and maintained between 70 and 85°F by a dedicated 
heater and chiller. 

Table 4. Typical Analysis of Hanford Water 

Component Unit Reported Value 
Cl- mg/L 

CaCO3 
6.66 

F- mg/L 
CaCO3 

<0.020 

NO3- mg/L 
CaCO3 

0.249 

SO4-2 mg/L 
CaCO3 

30.2 

Free Chlorine (Cl2) mg/L 0.47 
   
Source: Reference 14. 
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5.3.3 Softened Water 

The reagent/chemical system employs a softened water system to condition the water prior 
to use. For softened water, the total chloride is comprised of both chloride and chlorine. 
The dissolved chloride content is 6.66 mg/L CaCO3 [Section 5.3.2], which is converted to 
4.7 mg/L. 

The concentration of free chlorine is 0.47 mg/L [Section 5.3.2]. Combining the dissolved 
chloride content with the free chlorine content provides a total value of 5.17 mg/L Cl- in 
the softened water effluent. Therefore, the effluent chloride concentration of the softened 
water will be 5.17 mg/L. 

5.3.4 Sodium Hydroxide 

Sodium hydroxide (NaOH) is used as a reagent in TSCR. NaOH contains small amounts 
of impurities – including chloride. Membrane grade NaOH has a maximum chloride 
concentration of 50 ppm. The TSCR System uses 55-gal drums of 25wt% NaOH in ~ 5,000 
gallons of softened water to produce a 0.1 M NaOH caustic solution that is used for 
displacing liquid waste and flushing TSCR components. Accordingly, a 50 ppm Cl- 
concentration in the 25wt% sodium hydroxide reagent stock contributes 0.7 mg/L of Cl- to 
the water used in TSCR. When combined with the softened water contribution, the total 
chloride concentration in the 0.1 M NaOH caustic solution is 5.87 mg/L. 

5.3.5 Service Air 

Air is supplied to the TSCR System by a dedicated compressor housed in the Ancillary 
Enclosure. The compressed air is conditioned by an on-demand desiccant dryer to remove 
residual humidity. Once conditioned, the compressed air is used for instrument air and 
service air. Instrument air provides the motive force for air-operated valves and select 
control valves. Service air is heated to 80°F by an in-line heater and is used for sweep air 
and blowdown / drying air. Neither air supply contains appreciable concentrations of 
nitrites, nitrates, sulfates, or halogen ions. 

5.4 LIFETIME DOSE 

The TSCR System includes integral shielding around the filters, ion exchange columns, 
delay tank and associated piping. The integral shielding limits the radiation field both 
within and external to the Process Enclosure. As personnel access will not be permitted 
during normal operations, the composite dose within the Process Enclosure was not 
formally estimated, but composite dose maps for the exterior of the Process Enclosure were 
estimated in RPP-CALC-62570, Radiation Shielding Calculation for Continuously and 
Intermittently Occupied Areas. RPP-CALC-62570 generated the dose maps using the 
maximum radionuclide conditions provided in RPP-SPEC-61910 and the IXC design basis 






































































